due to the international efforts to reduce greenhouse emissions associated with deforestation and forest degradation. Initiatives such as the United Nations' REDD (Reducing Emissions from Deforestation and Degradation) must depend on accurate map of forest carbon storage in large scales (Houghton et al., 2010) .
For these reasons, mapping the spatial distribution of the green infrastructure and their ecosystem services is important in urban environments since the resulting map not only helps us identify hot green spots and set up long term plan on how to preserve or restore green infrastructure in urban environments, but also contribute to understand large scale carbon cycle studies as the urban areas are expanding due to ongoing urbanization trends.
Earlier efforts to map spatial distribution of green infrastructure have been limited to field work based approach especially in urban environments (McPherson et al., 1997) . More recently, passive optical remote sensing data have been widely utilized to map the spatial extent of green infrastructure in urban environments (Myeong et al., 2001; Walker and Briggs, 2007; Xiao et al., 2010) . A land cover map is generated from the passive remote sensing data, then factors for each land cover is adopted from field measurements to calculate overall vegetation amount in a landscape scale (ICF International, 2012) Although LiDAR data have been widely utilized to characterize vegetation structure even in heavily forested area (Harding and Carabajal, 2005; Lefsky et al., 2007; Sun et al., 2008; Miller et al., 2010; Muss et al., 2010; Hwang and Lee, 2011; Jung and Crawford, 2012; Park et al., 2012) due to its unique ability to capture vertical structural information, little research has focused on the utilization of LiDAR data for mapping urban green infrastructure in urban environments. As a preliminary step for mapping green infrastructure utilizing multi-source remote sensing data in urban environments, the objective of this study is to map vegetation volume by fusing LiDAR and multispectral data in urban environments.
Multispectral imageries are used to identify the two dimensional distribution of green infrastructure, while LiDAR data are utilized to characterize the vertical structure of the identified green structure.
Methods

1) Study site
This study is conducted in the Cook County that is located in the north eastern part of Illinois, USA (Fig.   1 ). The Cook County encompasses the metropolitan Chicago city area which has a population of 2,695,598 and the Chicago city is the third largest city Korean Journal of Remote Sensing, Vol.28, No.6, 2012 -662- States that has 16-class land cover classification scheme. The NLCD2006 was mainly generated by applying unsupervised classification algorithms to Landsat Enhanced Mapper+ (ETM+), and it has 30 m spatial resolution (Fry et al., 2011) . Fig. 1 3) Vegetation volume calculation Threshold value of 0.2 was used as a break point in the masking process, i.e., I value was set to 1 when the NDVI value was greater than the threshold value, otherwise I value was set to 0 in Eq. 2. After masking out urban pixels using the NDVI layer, vegetation volume (V veg ) was computed by multiplying DHM value (DHM) with corresponding pixel area (A) as a last step (Eq. 2). Fig. 3 illustrates resulting vegetation volume layer over the study area generated by the methods described in this section by fusing the multispectral imageries and LiDAR data.
2) Multispectral imageries and LiDAR data
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Results and Discussion
Vegetation volume for individual land covers was summarized using the procedure described in the Methods section. -666- and DOS land covers contains 14.3%, 13.5%, 11.7%, and 11.1% of total vegetation volume, respectively.
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Conclusion
